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Abstract: Microbial natural products (NPs) are a major source for mining small molecule drugs, which have been
widely used in medicine, agriculture, and other fields. Growing antimicrobial resistance and other public health

problems necessitate the rapid discovery of microbial NPs with novel structures and bioactivities. With rapid advances
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in high-throughput screening and low-cost DNA sequencing technologies, highly diverse biosynthetic gene clusters
(BGCs) have been detected in bacteria and fungi, but characterized compounds are limited, representing the tip of an
iceberg, and much more novel small molecules are awaiting for being discovered. Although various strategies have
been developed for NP discovery, effectively linking the biosynthetic pathways to their encoded products remains a
challenge. Recently, (meta)genomic library construction strategies have shown advantages in elucidating NP
biosynthetic pathways more efficiently, and significantly accelerated the discovery of novel NPs by combining with
high-efficient targeted BGC screening approaches. In this review, we summarize three strategies for discovering
microbial NPs based on (meta)genomic library construction and targeted BGC screening. We also discuss the cloning
vectors including Cosmid/Fosmid, BAC/PAC and FAC/YAC, and comment strategies for library construction and
targeted BGC screening, such as LEXAS and CONKAT-Seq. Furthermore, we compare strengths, limitations, and
applicability of different libraries. At the end, we prospect the future developments of these strategies for the high-

throughput discovery of microbial NPs.
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L ) B 4 SRS L 2R 0 R T 4 7 T B
IR 11X ST IRAE AR R 5t
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#, Cosmid 5 Fosmid A4 A 2k H & F T8 K A
BIDNA W FE, XA (%) J: R 4L 1 4
T HEMMBARTE., ETXHMEAERG LA
BYNL) 40 kb (AN DNA F B, XA Kb & 7
B 52 B R AR W) A RS AR M mT Re M, AT A
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Fig.1 Construction of soil metagenomic cosmid libraries for the discovery of novel compounds

(NPST—Natural Products Sequence Tag. The CONKAT-Seq strategy based on co-occurrence network or phylogenetic analysis strategy based on

eSNaPD software is used to identify BGCs of interest. Then, novel NPs are obtained by heterologous expression or chemical synthesis.)
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W RAE, S FRE, RIE T 2M R
DNA FHEER . ik & SMEHRES . B2,
BAC #4432 7 B Ny 0T 26 4 SR B B 2 1 B Ak
TR ME KRR R E ARG Rk, H
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FIRFRIL . Deng %" M8 T S, avermitilis ATCC
31267 ) BAC CJE, @ik PCR ¥ ) i ik 55 57 PR
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SCHL T T C RN R AR YT BE A R SBTS 1 R
S r L E7INE SN T Br R = =P S e (UK S A 7 i
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P1WE B AR B T —Fh 5 Cosmid T 1 J5 B AR LA 2%
. BIP1MERE KRR, &5 HRZ PR A KIR
(9 I A FH 7 1 i pac loxP. Cre B 4H B o1 45,
A 2545 70~100 kb K /N ) DNA Jr Bt . 1994 4,
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Fig. 2 Construction of bacterial genome BAC/PAC libraries for the high-throughput mining of bioactive natural products.

(a) BAC library construction for the genome of S. rochei Sal35 combined with the LEXAS screening system is used for the high-efficient mining of
novel compounds; (b) PAC library construction for the genomes of 100 Streptomyces combined with the CONKAT-Seq strategy based on
co-occurrence network is used to identify novel BGCs encoding NRP and PK, and then heterologous expression can be performed in different hosts

to discover novel compounds.
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Xf H br 2 B A% e 51 ) =% 51 ) PCR #E [ 7 12 3R 45
HbRHE R 7% v b, i Ja ) S U3 0A SRE AE 4 R
W B R AT AR TR R TP D AR T A A A
il FK506 L &4 Castro %5 ™ &1 X kYR F# T 5

Ri] 15 - I yb 35 (1) B 55 18 Streptomyces leeuwenhoekii
PR PR A 2 T PAC 5 R 20 S kAT ZR I 42 48, IF
1 e 5 DR A 0 5 7 41 515 (1) PCR B [r) 7 i 55 %
IR TS B bR R R R B, B A R
YR IE R B D) AE R W6 A 5 B A AT AR B R
FIE T Chaxamycin & HATAM A Y. Tu sk B 4
XV B 75 B4 Streptomyces koyangensis SCSIO 5802
"1 25 5 1) neoabyssomicin 1 abyssomicin P #  4k
GG R N R i T PAC BRI SCFE, 18
Tk 35 K] 7% PCR I [ 7 14 15 S5 YR 2 08 SR IS A R 0 £
B R E M1152 R Ih kA T H st 54 . Libis
S U bk T 100 MREERE N, M T & 60 000 4
b6 BE ) PAC ST, ~F P48 N\ v BUIK 140 kb A1)
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B S8 ST PE 1) R R PR G R R TR SR R IR S e
193545 T NRPS IR B b 45 W I B PKCS i 3 & Fi i
Z5 K SR NPST, R HI 5 T 3L B 2% () CONKAT-
Seq i 5EHE , B EREE AL T HIREER . &
J5 K B A RO R ) 58 B H b K% 1K) PAC 43 70l £E
H 5 55 1w J1074 A1 A2 Y 5 B %% 18 RedStrep 1.7
HEAT T RIRER L, B % 3818 T Prolinolexin.
Cinnamexin fil Conkatamycin = Fi b &4, JLH 2
Conkatamycin ‘i 7~ H X 25 5 i 24 4 2 €4, %] %) BR B
Pt EETE (B2 ],

3 FAC/YAC SRR LR R 2R
P vi s A R

EIREE TR AR (D R S
KA SLAE A SRR A, mBEEMEYR
IR HIRIEHE A ABHRN, KERPFFRINLZIRE
R 2k DR L e R R 2R R R AR & B 7 B 4
i, M= 3EH % (Penicillium chrysogenum) R I
KIEER ™. NEME Uspergillus terreus) R I
s AR AT 2R 250 P A AR B N B R LI SR A
fi 2 DA MK BB (Aspergillus nidulans) K
LR B R 2R A Y B R B IR AR
PRIAER . BT 2RAEFEBEE RER. B#IE
PHE, e 0 HG i DR A3 A7 2 % 1 A B2 0K Y
AT 1hb 35 T S PR A At ) R B o O A R IX 6 22 0K B T
REBA 7= W0 ) AR 1 TR A D 42 90 L TR R AR
PESEHE T — A AN SRS . Vi, TR HI R
51 B0 22K B R IR 7Y 6 R TR AR 1 B A R
T RS — b R A AR A R, T B () FAC #
PR FH T2 () YAC ZAAR T 18 FH T 48 2 Ay
BRI 2H 3 P AT 3R B H ik R 7%

3.1 FACXEHIER BirEEHELERHiE

FLE N T4tk FAC J& — s 24 16 K i A1
FRIE N LYk, 20154, Clevenger 25 7 3t
T BACEH AN &S, iAW H i E AMAL K
W EEEH e, K BACEHEI N FAC, M) 2t
T FACEMA RS, 15 KIHAT B H o] 2 € 5 & 100~
300 kb [7 DNA F Bt . 1% BAFIF X — FAC £ %t ,

Mg T AN A 22 R B B AL ) FAC SCFE, R T
f145 Terezine D 5 Valactamide A 55 2 /™ 28 J 14 /K
AR = e

Bok % 1 F| F§ FAC #01k & 45 xh 22 R B 14
Aspergillus terreus T8 Pk #E AT FAC J A 2 3 P2 1) #4)
=, RS T 7680 M ILkE, A K /NN 100 kb
SR 5 A AT IR L R R AR T A A 56 /1 FE R A 1) Ak i
FAC, JE#kiL T 154 FAC £ 14 5l 5 P 3t 47 57 U8
#i&, #iL LC-HRMS EAE T astechrome {1 4E ¥ &
% BT K AL & 9 Terezine Do Clevenger 25 M &1 Xt 22
IR FL T Aspergillus wentii~ A. aculeatus 1 A. terreus
FEE 7 A5 156 A SCFE I FAC SCPE, B A B
£7100 kb, SR J5 #4514 2 1) FAC %2 A\ A4 L il 25 o gt
TR RIE o BIREREEACH = 5, RAIE T
FEE AR 4 7 B FI9T 70 B4t (FAC-MS 5 FAC-
Score) [ = B L HERE, XHNAE FAC B A H sl
GG T E o IEm LI AE, R&RE T
Benzomalvin A/D (FERZHEA KD . Sesterterpenoid
(H528) Atk &%) Valactamide A (AEAZ A Jik- 2R
fi At &) (E3) ™,

3.2 YACXEHIE K BtrE EiFik

BERE N Tk YAC &2 —Fi e m L LM E
BN T thfh, 19834, Murray 28 U7 {jj I i B}
Qe At T BB 2R, k. B BT
SEWERE YL O AR TR () YAC 34K, (L RE 0% 7 1% £F
sl AR e . YAC 7E 2 99 45 DNA F BL i)
ey B RA BRI A S, AESEEE 100~2000 kb
FERAEN 2 T YAC B # % K DNA
R B, FLAE R R A v B b I R A
Z, RiZMHTERRENGEAEZEMNE
FIER A SO, i ARGk bl Rk —SEY s
SR AR Th B AE . 3 R A B
Mg P

1987 4F, Burke 55 "™ My 7 A FREE DAL YAC
T RE . Saji £ MY M EE T 12 2 /KRG Y K i Y
YAC X JE. HT YACHIANRBKR, RATEDHE
FERp AT 78 se BN R RI 2, R YAC S T it
ITHBLE S, JEAN AP 2 ) 50 5 1) B S B contig B
W B EE R R AR, R
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Fig.3 Construction of fungal genome FAC libraries for discovering fungal natural products

(An untargeted metabolomics scoring system was used to accurately screen and separate novel compounds.)

KT BE = R B 2 B R RS B R AR W £ W) 5 1k
SLINFE, YAC SR (R a0 ik 35 A H AR KR
FERPRIRIRAE T AT RE, X WO G S — D2 R
WEYIRAE TR igtE.

4 HiighREs

AR, BE RIBRAEY) (2 FRANF
ARG A E Bl K JE, antiSMASH ™™,
MIBiG ", BiG-SCAPE "* & BiG-SLiCE "* %% Jt
R ZH 4248 T B 5 BGC ¥l =M I &, FIH (G5
B[R] 2042 4 52 W LE A ROR BURT 25 8 R SR 72 W) J7 T
JEILH T 2R, mEE . BIRE. R
Bk R A v [ R A D R AR P2 W2 4 1 — o 2
THZEW IR EGHE R o F PR SR AR
Ry 3k DR A7 o B B R () — B 7925, A o K PR BE AR AF
B A 2B A5 7 TH R I TG AT A AL g, (HOR &
BRI TARMERE S N R BB AR . SR, MES
AR miEEl S5 N T REEYE LS

FOR B KR, K5 1) Hk DR 7% B 1) 03 32 77 925 3% T 4
TR, BFEME TR KRR E & KK
P AR SCVE YN IR T A TR R Bk R A e R
AR =Fh FEE (G2 FEDRH SRR DL S )
DRI A7 () v 280 ) O 06 79, R AR T e AT AR S A
A KRR R R o B H /T FER KL
Bl (D B SO AE Haik LR T &4
o R DT SR T TR B & B B R AL R A
VEGHXT L R 1.

Cosmid/Fosmid 3 P4 N\ Fr BE351 5] A e PR
I, SN BN, FEIE S TE X eDNA )%
B A $248; BAC/PAC X B 440N Fr BRECK I
FRIE, Hsfefew, HAsE s, HHTHHE
RS, &S T 5 — B RS A 1) &
HYZH, ME X5 A K E eDNA B Z LR A1 5 ,
WO IR 2 . BB LI ZE . SCPE R
BACF . EEREE MM, FAC/YAC L PEEHE
BRAZ ERA—E Y, HywwkE R BRREM
LU H P AR B K, R R R 4 ) B IR A R R
BAEH, BrEReEE. matpls. sE
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R A[EISET A S TS ol = R I LR
Table 1 Comparison of strategies for constructing different libraries for high-throughput screening of novel natural products
EA L RE ey U BRER e am i Bk o
F K/ IS By} T SCHik
Cosmid #J40kb COSfifi CONKAT-seq #ZEMZL 1004 Omnipeptin(NRP)  EHZEEMNLA e BR/ME  Libis %5
JR R TC A o b gt SHEUN IETLHER (2019)P
#7140 kb eSNaPD FHEFA >2x1074 MBA3(NRP) REEBGC(>40kb) 4%
i b J7 A7 R PR (2022)1
Fosmid #]40kb COSHifi  JPAI5I M D 28804  Actinonin(NRP) Wolf%%
FIH-Foefk  PCRIfE JE[RI2H i (2018)"!
BAC  #]100 kb loxP LEXAS HERA 78445 Lexapeptide Ot EEs NEAZHEEMA R
F 7t 5 CEEMMO % @ 7T 100~ 4218 (2017)7™®
PAC #1140kb FHHTI0ff CONKAT-seq JEFZ 600004 Prolinolexin(NRP) 300 kb /Tt Libis 2%
P1 WG A B Cinnamexin(NRP) (2022)®!
Joft Conkatamycin(PK)
FAC #1100kb FRFiifk  FAC-MS &S| 1564~  BenzomalvinA/D W 100~ FHEREMZ  Clevenger
ELH ARS FAC (NRP) 300 kb F EX 22017y
Sesterterpenoid @A HLIH
(Terpene) [FIZHFZ 4R
Valactamide A
(Hybrid NRP-PK)
YAC 100~ LR NA RN 18964 NA TLFE 100~ OrEfaEltEZ  Saji%s
2000 kb Ui KL YAC 2000 kb Bt @A RCRAE (2001)!"
1 ARS @HEMAF KA
DNA 5 SR &5 ) @™ 8, 2% FATiR, BARFET A 5 £ X W

[ e B AR AL Y () R4 S PR E T L A
T2RRIR D5 AR R Ok, H T AR
S B S NG Ve L R i E T g
RN R AR, BE9E A W AR AR AN 1R H R0 B
wH.

ICAER,  BEAE HOR S5 R IR B B A 0 T B &
Hy L BT EE R A R DL B R 2 R R, BTN
SUTT 4R 5 100 # A Rl R UZE W 5 W o 2 358 R T
KE S A AT 5L D IR R RUE
AT BE AU T AR T R A R R R R K
HEET, MES TMLHRRER. ERNK
P A/ AR R S IR BE R R R AT
B DAUROR S E R Tl A
RART= W R DL J7 1 8Os A R om e g i B
KAEDE . BT I8 HCE Y KA AT 5
Fr P L[R]3 R R A 1) R
5 HEME R A K B X L R RIS, R
L 95 K 0 R B, TIOR3 24 61 ) 4 fit
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